A 37-year-old 91 kg man presented with features of Ludwig's angina. Anaesthesia for incision and drainage of his submandibular abscess was undertaken by two specialist anaesthetists with an otorhinolaryngological surgeon prepared for immediate tracheostomy. After preoxygenation, gas induction with sevoflurane in oxygen was followed by a gush of pus into the oral cavity and laryngospam causing acute upper airway obstruction. This resolved with 25 mg of suxamethonium and an endotracheal tube was passed into the trachea with difficulty. Options for management of the difficult airway in Ludwig's angina are discussed.
Ludwig's angina is a severe soft tissue infection of the neck and the floor of the mouth resulting in pain on swallowing, fever, tachycardia and a characteristic brawny and tender induration of the floor of the mouth 1 . Without antibiotic therapy, Ludwig's angina often progresses rapidly and results in life-threatening upper airway obstruction with a mortality exceeding 50% 2 . This fact is reflected in old terminology describing Ludwig's angina as angina maligna (Latin: angere=to strangle), morbus strangulatorius and garotillo (Spanish for "hangman's loop").
CASE HISTORY
A 37-year-old Maori man presented to the local Emergency Department with a five-day history of increasing pain, swelling in the right submandibular region, fever and dysphagia. Two decayed lower molars had been extracted 48 hours prior to admission. Prescribed antibiotics had not been taken due to inability to swallow. Past medical history was unremarkable apart from poor dental hygiene, smoking 30 cigarettes per day and moderate daily alcohol consumption.
On examination he was a 91 kg man with a body mass index of 26. He was febrile and expectorating pus which was draining freely from a tooth socket. He had trismus and restricted ability to protrude his tongue. His neck was swollen with obvious right submandibular and submental cellulitis extending to the postero-lateral aspect of the neck and the anterior chest. There was no respiratory distress or stridor. Ultrasound of the right submandibular region revealed a 15 by 30 mm region of low to absent echogenicity consistent with abscess formation.
After intravenous antibiotics, intravenous rehydration and pain relief (paracetamol and tenoxicam) had been commenced, an attempt was made to aspirate the abscess under local anaesthesia, but without success. Overnight, pyrexia and pain settled but he developed difficulty in breathing and slowly progressing inspiratory stridor. Therefore urgent surgery for incision and drainage of the abscess was arranged.
Examination of the airway showed limited mouthopening to 2.5 cm, a modified Mallampati score of 3, a full beard, poor dentition and mild limitation of neck movement. He was unable to protrude his jaw but was able to lie flat.
Gaseous induction with sevoflurane in oxygen followed by direct laryngoscopy was discussed with the patient, consent obtained and the patient premedicated with glycopyrrolate. After arrival in theatre, monitoring was established in accordance with the guidelines of the Australian and New Zealand College of Anaesthetists and equipment for difficult intubation was assembled.
Two specialist anaesthetists, an anaesthetic assistant and an otorhinolaryngological surgeon (scrubbed and prepared for immediate tracheostomy) were present. Preoxygenation with 100% oxygen was followed by an incremental increase in inspired sevoflurane concentration from 0 to 8% in oxygen. After loss of consciousness, maintenance of the airway and ventilation with a mask proved difficult because of persisting trismus and the full beard. During attempts to place an oropharyngeal airway, a gush of pus filled the patient's mouth. This was rapidly removed with two Yankauer suckers. At this stage the patient developed laryngospasm with complete airway obstruction. This resolved with a small dose of suxamethonium (25 mg) and continuous positive airway pressure, and oxygen saturation slowly recovered from a minimum of 61%. An initial attempt at direct laryngoscopy (Macintosh blade size 3) revealed massive tissue swelling obscuring all anatomical landmarks. At a second attempt it was possible to identify the epiglottis but only with great difficulty. An 8.0 mm internal diameter cuffed oral endotracheal tube was passed into the trachea, after which the lungs were easily ventilated. Pus was suctioned from the trachea.
The right and left submandibular, sublingual, submental, buccal and pterygomandibular spaces were explored surgically and a large amount of pus drained. Postoperatively the patient was transferred to the Intensive Care Unit. A CT of his neck on the same day showed the endotracheal tube completely engulfed by gross soft tissue swelling and multiple fluid collections throughout the prevertebral and right parapharyngeal space ( Figure 1 ).
The patient's haemodynamic condition deteriorated over the next 24 hours and moderate inotropic support with noradrenaline and dopamine was required. A second CT on day 2 revealed pus in the neck extending into the mediastinum as far as the carina and around the right carotid artery. A right thoracotomy was therefore performed but showed no signs of empyema or pus collection in the mediastinum. At this procedure, exploration of the deeper cervical tissue planes revealed pus collections in the retropharyngeal space which were adequately drained.
The patient's general condition improved rapidly and inotropic support was discontinued. His subsequent course was uneventful but it was necessary to maintain control of the airway by retaining the endotracheal tube for five days until the swelling subsided.
DISCUSSION
Mortality rates of patients with Ludwig's angina, when treated with antibiotics, vary between 0 and 8.5% [1] [2] . The number of patients needing surgical drainage and protection of their airways has however declined, presumably due to early, appropriate antibiotic therapy 2 . The progressive cellulitis in Ludwig's angina results in nuchal rigidity, trismus, gross distortion of normal anatomy with enlargement and cranioposterior displacement of the tongue, pooling of secretions and progressive swelling of epiglottis and surrounding oropharyngeal tissue 1 . Resulting complications include airway obstruction, particularly in the supine position, and soiling of lower airways with aspiration pneumonia and pulmonary abscesses 1, 3 . As with adult epiglottitis, acute obstruction can occur suddenly due to mechanical laryngeal obstruction ("cork in the bottle") or to aspiration of pus/ secretions with resulting laryngospasm.
Options for managing the airway include awake tracheostomy under local anaesthesia 1 , awake fibreoptic laryngoscopy 4 , awake blind nasal intubation and intravenous or gaseous induction followed by laryngoscopy and intubation 5 .
Tracheostomy has been considered the gold standard of airway management in Ludwig's angina 1, 4 . Although by-passing the supraglottic swelling, tracheostomy is itself associated with a high complication rate and risks spreading the infection to the mediastinum 6 . Surgical access is likely to be difficult in the face of swelling and the patient's inability to lie supine 3 . In cases with complete upper airway obstruction emergency tracheostomy may be the only way to prevent death by hypoxia. Cricothyroidotomy with jet ventilation could be an alternative, but in the presence of the severe distortion of the anatomy might prove very difficult. It is therefore appropriate to ensure that a surgeon is fully prepared for immediate tracheostomy before other techniques of securing the airway are attempted.
Awake fibreoptic laryngoscopic intubation has been widely recommended as a first line approach in upper airway obstruction and might have been given preference in this case by many anaesthetists. This was not chosen as our first line approach because of the difficulties created by pus and copious secretions.
Inhalational induction with halothane or sevoflurane in oxygen followed by intubation has been used with success on a number of occasions in patients with Ludwig's angina 5 . Sevoflurane in particular allows rapid control of anaesthetic depth with cardiovascular stability and the maintenance of spontaneous breathing 7 . It is important to maintain the maximum possible inspired oxygen percentage throughout the induction. Nitrous oxide should not be used.
Blind nasal intubation carries a considerable risk of damage to the swollen and fragile pharyngeal mucosa with bleeding, abscess perforation and complete upper airway obstruction as possible outcomes.
With hindsight we could have improved our management in a number of ways (Table 1) . Nebulized adrenaline has been reported to relieve adult upper airway obstruction due to a variety of underlying pathologies 8 and might have reduced mucosal swelling. Nasal fibreoptic laryngoscopy could have been used for initial assessment of the airway pathology. An armoured endotracheal tube might have been preferable to a standard tube 9 . Furthermore, any soft tissue infection of the floor of the mouth has the potential to spread along the fascial planes of the neck, and descending necrotizing fasciitis with mediastinal, pulmonary and cardiac involvement is a rare but potentially fatal complication of Ludwig's angina 1 . It may therefore have been advisable to avoid non-steroidal anti-inflammatory drugs given their possible association with necrotizing fasciitis 10 . surgical access to the airway: full surgical team should be scrubbed and standing by with all necessary equipment and with clear understanding by all concerned of what steps will be taken if the airway is lost (e.g., in respect to position, restraint, sedation, etc.). The patient should be fully pre-oxygenated and induction of anaesthesia should take place in the presence of 100% oxygen. 5. The method by which the airway is secured will depend on the experience and preference of the anaesthetist and on the availability of equipment. Two appropriate options are: a. Awake fibreoptic intubation b. Gas induction with sevoflurane in oxygen, if i. airway is filled with pus ii. patient is confused or uncooperative iii. equipment or experience is lacking
